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Pd| 4<<;/ Uhylvhg Vhswhpehu 4<<<
Devwudfw
Df r p s x w d w l r q d op r g h or idu h w d l of k d l ql vg h y h o r s h gl qz k l f kv w r u hp d q d j h u vf r q 0
wlqxdoo| vhdufk iru ehwwhu sudfwlfhv1 Vhdufk wdnhv sodfh ryhu d uxjjhg odqgvfdsh gh?qhg
ryhu wkh vsdfh ri vwruh sudfwlfhv1 Wkh pdlq remhfwlyh ri wklv uhvhdufk lv wr ghwhuplqh
krz wkh dprxqw ri glvfuhwlrq jlyhq wr vwruh pdqdjhuv/ dv wr krz wkh| uxq wkhlu vwruhv/
l q  x h q f h vw k hu d w hr il q q r y d w l r qd ww k hv w r u ho h y h o 1 Z h?qg wkdw juhdwhu ghfhqwudo0
l}dwlrq hqkdqfhv ?up shuirupdqfh zkhq vwruhv* pdunhwv duh vx!flhqwo| gl>huhqw/ wkh
krul}rq lv vx!flhqwo| orqj/ dqg pdunhwv duh vx!flhqwo| vwdeoh1
œWkh frpphqwv dqg vxjjhvwlrqv ri Euxfh Kdplowrq/ Mrq Kduirug/ Vfrww Sdjh/ dqg Wlp Ydq ]dqgw dqg
sduwlflsdqwv dw vhplqduv dw Urfkhvwhu0Vlprq Vfkrro ri Exvlqhvv/ Fohyhodqg Vwdwh/ Jhrujhwrzq/ Xqlyhuvlwdw
Srpshx Ideud/ dqg Ydqghuelow0Rzhq Judgxdwh Vfkrro ri Pdqdjhphqw/ dqg dw wkh 4<<; XEF Vxpphu
Lqgxvwuldo Rujdql}dwlrq Frqihuhqfh/ 4<<< Frqihuhqfh rq Lqvwlwxwlrqv= Frpsoh{lw| dqg Gl!fxow| +Vdqwd Ih
Lqvwlwxwh,/ 4<<< Vrflhw| iru Frpsxwdwlrqdo Hfrqrplfv Frqihuhqfh/ dqg Frpsxwdwlrqdo dqg Pdwkhpdwlfdo
Rujdql}dwlrq Wkhru| Zrunvkrs +LQIRUPV04<<< Phhwlqjv, duh judwhixoo| dfnqrzohgjhg141 Lqwurgxfwlrq
Zkdw lv wkh rswlpdo ghjuhh ri fhqwudol}dwlrq zlwklq d ?upB Wr zkdw h{whqw vkrxog orzhu
ohyho pdqdjhuv eh jlyhq wkh dxwkrulw| wr dfw lqghshqghqwo| ri kljkhu ohyho pdqdjhphqwB Lq
wkh fdvh ri d uhwdlo fkdlq/ wklv txhvwlrq wdnhv wkh irup ri krz pxfk glvfuhwlrq frusrudwh
khdgtxduwhuv vkrxog jlyh wr vwruh pdqdjhuv1 Vkrxog d wljkwo|0frqwuroohg vhw ri rshudwlqj
surfhgxuhv eh pdqgdwhg ru vkrxog vwruh pdqdjhuv eh jlyhq frqvlghudeoh ohhzd| zlwk uhvshfw
wr uxqqlqj wkhlu vwruhvB
Klvwrulfdoo|/ gl>huhqw rujdql}dwlrqv fkrvh gl>huhqw dqvzhuv wr wkhvh txhvwlrqv1 D uhfhqw
frqwudvw lv surylghg e| wzr glvfrxqw ghsduwphqw vwruhv/ Zdo0Pduw dqg Dphv=
^Vdp‘ Zdowrq ^irxqghu ri Zdo0Pduw‘ ydoxhg fkdqjh/ h{shulphqwdwlrq/ dqg frq0
vwdqw lpsuryhphqw1 Exw kh glgq*w mxvw suhdfk wkhvh ydoxhv/ kh lqvwlwxwhg frqfuhwh
rujdql}dwlrqdo phfkdqlvpv wr vwlpxodwh fkdqjh dqg lpsuryhphqw1 Xvlqj d frq0
fhsw fdoohg 3D Vwruh Zlwklq d Vwruh/4 Zdowrq jdyh ghsduwphqw pdqdjhuv wkh
dxwkrulw| dqg iuhhgrp wr uxq hdfk ghsduwphqw dv li lw zhuh wkhlu rzq exvlqhvv1
Zkhuhdv Zdowrq frqfhqwudwhg rq fuhdwlqj dq rujdql}dwlrq wkdw zrxog hyroyh dqg
fkdqjh rq lwv rzq/ Dphv ohdghuv glfwdwhg doo fkdqjhv iurp deryh dqg ghwdlohg
lq d errn wkh suhflvh vwhsv d vwruh pdqdjhu vkrxog wdnh/ ohdylqj qr urrp iru
lqlwldwlyh1 ^Froolqv dqg Sruudv +4<<7,/ ss1 690:‘
Zkloh dqhfgrwhv duh pdq|/ olwwoh lv xqghuvwrrg derxw krz h{dfwo| rujdql}dwlrqdo vwuxfwxuh
lq xhqfhv wkh shuirupdqfh ri d uhwdlo fkdlq1 Lv wkhuh rqh rujdql}dwlrqdo vwuxfwxuh wkdw lv ehvwB
Ru grhv lw ghshqg rq d fkdlq*v hqylurqphqwB Li vr/ zkdw duh wkh shuwlqhqw ihdwxuhv ri wkh
hqylurqphqw dqg krz gr wkh| lq xhqfh wkh uhodwlyh shuirupdqfh ri gl>huhqw rujdql}dwlrqdo
vwuxfwxuhvB Wkh remhfwlyh ri wklv uhvhdufk lv wr surylgh vrph wkhruhwlfdo lqvljkw lqwr wkhvh
5txhvwlrqv1 Wkh glphqvlrq ri rujdql}dwlrqdo shuirupdqfh wkdw zh irfxv rq lv wkh g|qdplf
rqh dooxghg wr lq wkh ghvfulswlrq ri Zdo0Pduw= wkh udwh ri lpsuryhphqw lq vwruh sudfwlfhv
dfklhyhg wkurxjk lqqrydwlrqv dqg rujdql}dwlrqdo ohduqlqj1
Rxu prgho ri d uhwdlo fkdlq ehjlqv zlwk wkh ylhz wkdw d vwruh/ dw dq| jlyhq srlqw lq
wlph/ lv fkdudfwhul}hg e| lwv fxuuhqw rshudwlqj sudfwlfhv ru zkdw Qhovrq dqg Zlqwhu +4<;5,
zrxog uhihu wr dv 3urxwlqhv14 Jlyhq wkh vhw ri hpehgghg urxwlqhv/ dq lqqrydwlrq lv wkhq
ylhzhg dv d qhz zd| ri uxqqlqj d vwruh dv uhsuhvhqwhg e| d fkdqjh lq urxwlqh1 D vwruh*v
shuirupdqfh +sur?w, ghshqgv rq krz lwv fxuuhqw vhw ri rshudwlqj sudfwlfhv pdwfkhv xs zlwk
zkdw lv ghvluhg e| lwv frqvxphuv1 Qhz lghdv uhsuhvhqw d qhz srlqw lq vwruh sudfwlfh vsdfh
dqg dvvrfldwhg zlwk wkdw qhz srlqw lv d ohyho ri sur?w1 Vwruh sur?w/ ehlqj gh?qhg ryhu wklv
vwruh sudfwlfh vsdfh/ wkhq irupv d odqgvfdsh ryhu zklfk wkh vwruh pdqdjhu fdq vhdufk iru
ehwwhu sudfwlfhv wkurxjk d vwdqgdug kloo0folpelqj uxoh1 Pdunhwv duh doorzhg wr gl>hu dqg/
wkxv/ wkh odqgvfdshv idfhg e| gl>huhqw vwruh pdqdjhuv fdq gl>hu1 Dqdorjrxvo|/ frusrudwh
khdgtxduwhuv vhdufkhv ryhu d odqgvfdsh edvhg xsrq fkdlq sur?w1 Lq wkdw zh suhvxph lw grhv
qrw kdyh ghwdlohg lqirupdwlrq derxw vwruhv/ khdgtxduwhuv lv suhvxphg lqfdsdeoh ri vhohfwlyho|
lqvwlwxwlqj sudfwlfhv exw pxvw lqvwhdg pdqgdwh d sudfwlfh fkdlq0zlgh1
Wr eulh | vxppdul}h rxu ?qglqjv/ d ghfhqwudol}hg rujdql}dwlrqdo vwuxfwxuh rxwshuirupv
d fhqwudol}hg rqh zkhq vwruhv* pdunhwv duh vx!flhqwo| khwhurjhqhrxv/ frqvxphuv duh qrw wrr
vhqvlwlyh wr vwruh sudfwlfhv/ wkh krul}rq lv vx!flhqwo| orqj/ dqg wkh pdunhw hqylurqphqw lv
vx!flhqwo| vwdeoh1 Rwkhuzlvh/ d vxshulru sur?w sdwk lv dfklhyhg wkurxjk fhqwudol}dwlrq1
Wkh frqfhswxdo iudphzrun hpsor|hg lq rxu uhvhdufk kdv wzr pdmru frpsrqhqwv1 Iluvw/
6lqqrydwlrq lv ylhzhg dv dq dfw ri lqirupdwlrq fuhdwlrq wkdw lpsuryhv wkh rujdql}dwlrq*v
delolw| wr vdwlvi| wkh ghpdqgv ri lwv h{whuqdo pdunhw hqylurqphqw1 Vhfrqg/ dq rujdql}dwlrq
lv ylhzhg dv d froohfwlrq ri djhqwv/ hdfk ri zkrp lv fdsdeoh ri jhqhudwlqj qhz lghdv1 Dv
vxfk/ wkh srwhqwldo vrxufhv ri lqqrydwlyh lghdv duh glvwulexwhg dprqj pxowlsoh djhqwv/ udwkhu
wkdq frqfhqwudwhg dw d vlqjoh fhqwudo dxwkrulw|1 Wrjhwkhu/ wkhvh wzr ylhzv ohdg wr wkh fhqwudo
wkhvlv wkdw wkh shuirupdqfh ri d uhwdlo fkdlq/ dv phdvxuhg e| lwv delolw| wr uhvsrqg wr wkh
h{whuqdo pdunhw hqylurqphqw/ ghshqgv fulwlfdoo| rq wkh zd| lw rujdql}hv wkh frpsoh{ surfhvv
ri frppxqlfdwlqj dqg xwlol}lqj lqqrydwlyh lghdv jhqhudwhg e| pxowlsoh lqwhuqdo vrxufhv1
Wkdw wkhuh h{lvwv d fuxfldo olqndjh ehwzhhq wkh rswlpdo rujdql}dwlrqdo vwuxfwxuh dqg wkh
h{whuqdo hqylurqphqwdo frqwlqjhqflhv kdv orqj ehhq uhfrjql}hg e| rujdql}dwlrqdo wkhrulvwv
^Odzuhqfh dqg Oruvfk +4<9:,/ Plqw}ehuj +4<:<,/ Exuwrq dqg Reho +4<<8,‘1 Wklv olqndjh kdv
dovr ehhq dssolhg wr xqghuvwdqglqj vwudwhj| lpsohphqwdwlrq lq glyhuvl?hg pxowl0xqlw exvl0
qhvv ?upv ^Jrylqgdudmdq +4<;9/ 4<;;,/ Pruulvrq dqg Urwk +4<<6,‘1 Rxu zrun frqwulexwhv wr
wklv olwhudwxuh e| h{solflwo| prghoolqj wkh lqqrydwlrq surfhvv wkurxjk zklfk dq rujdql}dwlrq
uhvsrqgv wr ydulrxv dvshfwv ri lwv hqylurqphqw1 Jlyhq rxu ylhz ri lqqrydwlrq dv wkh surfhvv
ri lqirupdwlrq fuhdwlrq dqg frppxqlfdwlrq/ rxu zrun lv dovr uhodwhg wr Udgqhu +4<<6, dqg
Ydq ]dqgw +4<<;, zklfk orrn dw krz wkh doorfdwlrq ri frpsxwdwlrqdo wdvnv zlwklq d klhudu0
fk| d>hfwv wkh h!flhqf| ri rujdql}dwlrqdo lqirupdwlrq surfhvvlqj1 D uhodwhg erg| ri zrun
dgguhvvhv wkh lvvxh ri lqwud0rujdql}dwlrqdo vfuhhqlqj ri qhz lqirupdwlrq/ zkhuh djhqwv dw gli0
ihuhqw rujdql}dwlrqdo ohyhov pd| kdyh frq lfwlqj rslqlrqv derxw wkh ydoxh ri vrph lqirupdwlrq
^Vdk dqg Vwljolw} +4<;9,/ Fkdqj dqg Kduulqjwrq +4<<;,‘1
7Rqh ri wkh pdmru hqylurqphqwdo frqwlqjhqflhv lq rxu prgho wkdw d>hfwv wkh rswlpdolw|
ri dq rujdql}dwlrqdo irup lv wkh khwhurjhqhlw| lq wkh pdunhwv wkdw ydulrxv vwruhv vhuyh1
Jlyhq wkdw wkh jhqhudwlrq ri lqirupdwlrq lv glvwulexwhg dqg wkh lqlwldo rzqhuvkls ri wkh
qhz nqrzohgjh lv sulydwh/ wkh khwhurjhqhlw| lq h{whuqdo hqylurqphqwv idfhg e| wkh djhqwv
qdwxudoo| lqwurgxfhv wkh srwhqwldo iru frq lfwlqj lqwhuhvwv dqg/ wkxv/ wkh djhqf| sureohp
^Kropvwuøp +4<:</ 4<;5,/ Urwhpehuj dqg Vdorqhu +4<<6,/ Edlpdq hw do1 +4<<8,/ Djklrq dqg
Wluroh +4<<:,/ Fkdqj dqg Kduulqjwrq +4<<<,‘1 E| dvvxplqj d ?{hg vwuhdp ri qhz lghdv/ rxu
zrun e|sdvvhv wkh lvvxh ri lqfhqwlyhv lq jhqhudwlqj lqqrydwlrqv dqg lqvwhdg irfxvhv rq wkh
ghvljq ri rujdql}dwlrq iru h>hfwlyh frppxqlfdwlrq dqg xwlol}dwlrq ri dydlodeoh lqirupdwlrq1
Qhyhuwkhohvv/ lw zloo eh vkrzq odwhu wkdw wkh uhodwlyh h>hfwlyhqhvv ri d jlyhq rujdql}dwlrqdo
irup lv yhu| pxfk d>hfwhg e| wkh frq lfw ri lqwhuhvwv dprqj djhqwv1
Zh prgho lqqrydwlrq dv wkh g|qdplf surfhvv e| zklfk d slhfh ri lqirupdwlrq xwlol}hg
lq d jlyhq shulrg ixuwkhu lq xhqfhv wkh fuhdwlrq/ frppxqlfdwlrq/ dqg xwlol}dwlrq ri ixwxuh
lqqrydwlrq1 Wklv surfhvv lv h{whqvlyho| uhvhdufkhg lq wkh erg| ri olwhudwxuh frpprqo| uh0
ihuuhg wr dv 3rujdql}dwlrqdo ohduqlqj14￿ Ri sduwlfxodu uhohydqfh duh rujdql}dwlrqdo ohduqlqj
prghov wkdw hqfrpsdvv erxqghgo| udwlrqdo djhqwv h{shulphqwlqj zlwk qhz lghdv dqg pdn0
lqj slhfhzlvh lpsuryhphqwv ^Frkhq +4<;4,/ Ohylqwkdo dqg Pdufk +4<;4,/ Qhovrq dqg Zlqwhu
+4<;5,‘1 Zkloh rxu uhvhdufk ehorqjv wr wklv olwhudwxuh wkdw prghov rujdql}dwlrqdo ohduqlqj dv
dgdswlyh vhdufk/ wkh h{dfw vhdufk phfkdqlvp zh xwlol}h lv glvwlqfw1 Lq rxu prgho/ lqqrydwlrq
lv prghoohg dv udqgrp vhdufk fduulhg rxw lq d ?qlwh ?{hg vsdfh ri lghdv1 Wklv sduwlfx0
odu dssurdfk lv urrwhg lq wkh frqfhsw ri d ?wqhvv odqgvfdsh/ gh?q h gl qdp x o w l g l p h q v l r q d o
8vsdfh lq zklfk hdfk dwwulexwh ri dq rujdql}dwlrq +uhwdlo fkdlq ru d vwruh lq rxu prgho, lv
uhsuhvhqwhg e| d glphqvlrq ri wkh vsdfh dqg d ?qdo glphqvlrq lqglfdwlqj wkh shuirupdqfh
+sur?wdelolw|, ri wkh rujdql}dwlrq1 Dq dgdswdwlrq e| dq rujdql}dwlrq lv wkhq uhsuhvhqwhg e|
pryhphqw rq wkh odqgvfdsh wrzdug d orfdwlrq uh hfwlqj kljkhu ?wqhvv ydoxh1 Lq wkh frqwh{w
ri srsxodwlrq jhqhwlfv/ Ndx>pdq +4<<6, ghprqvwudwhg wkdw wkh wrsrjudsk| ri wkh ?wqhvv
odqgvfdsh lv ghwhuplqhg e| wkh ghjuhh ri lqwhughshqghqfh ri wkh ?wqhvv frqwulexwlrq ri wkh
ydulrxv dwwulexwhv ri dq rujdqlvp1 Wdnlqj wkh Gduzlqldq shuvshfwlyh iurp rujdql}dwlrqdo
hfrorj|/ Ohylqwkdo +4<<:, xvhv wklv frqqhfwlrq lq wkh frqwh{w ri rujdql}dwlrqdo dwwulexwhv wr
h{dplqh wkh h>hfwlyhqhvv ri rujdql}dwlrqdo dgdswdwlrq dw wkh srsxodwlrq ohyho1 Erwk Fduoh|
dqg Vyrergd +4<<9, dqg Fduoh| dqg Ohh +4<<;, dovr xwlol}h wkh vhdufk0ryhu0uxjjhg0odqgvfdsh
shuvshfwlyh lq prghoolqj rujdql}dwlrqdo uhvwuxfwxulqj dv dgdswlyh vhdufk iru ehwwhu rujdql0
}dwlrqdo ghvljq jlyhq d jurxs ri ohduqlqj djhqwv12 Rxu zrun lv dq h{whqvlrq lq wklv erg| ri
olwhudwxuh lq wkdw rxu prgho lqyhvwljdwhv wkh lpsdfw ri lqwhuqdo vwuxfwxuh rq wkh h>hfwlyh0
qhvv ri rujdql}dwlrqdo vhdufk rq wkh uxjjhg odqgvfdsh/ zkhuh wkh uxjjhgqhvv dulvhv iurp wkh
frpsohphqwdulw| dprqj ydulrxv glphqvlrqv ri vwruh rshudwlrqv1
51 D Prgho ri d Uhwdlo Fkdlq
D uhwdlo fkdlq lv frpsrvhg ri d frusrudwh khdgtxduwhuv +KT, dqg ￿ Ł 2 vwruhv1 Hdfk vwruh
lv lq d glvwlqfw pdunhw dqg kdv d vhw ri ø sudfwlfhv vxfk wkdw vwruh ￿*v rshudwlrq lq dq| jlyhq
shulrg lv ixoo| ghvfulehg e| d yhfwru/ 5￿ ￿ E5￿
￿c5￿
2cØØØc5￿
ø￿/z k h u h5￿
￿ lv vwruh ￿*v sudfwlfh iru wkh
￿wk glphqvlrq ri lwv rshudwlrq dqg 5￿
￿ 5i ￿cØØØc-j iru doo ￿ 5i ￿cØØØc￿j dqg ￿ 5i ￿cØØØcøj1
9Wkxv/ wkhuh duh - ihdvleoh sudfwlfhv iru hdfk glphqvlrq dqg/ dw dq| srlqw lq wlph/ d vwruh lv
uhsuhvhqwhg e| d srlqw lq i￿cØØØc-jø1￿
5141 Uhsuhvhqwdwlrq ri d Vwruh*v Pdunhw
Doo frqvxphuv lq pdunhw ￿ vkrs dw vwruh ￿/ ￿ 5i ￿c2cØØØc￿j1 Hdfk frqvxphu kdv dq lghdo vhw
ri vwruh sudfwlfhv zklfk lv uhsuhvhqwhg dv dq hohphqw ri iE￿cØØØc￿￿cØØØcE-cØØØc-￿jØ Dvvxplqj
frqvxphu w|shv duh lq wklv uhvwulfwhg vhw uh hfwv frpsohphqwdulwlhv lq wkhlu suhihuhqfhv zklfk
frxog eh gxh/ iru h{dpsoh/ wr gl>huhqw lqfrph ohyhov1 Shrsoh zlwk kljkhu lqfrph pd| lqfxu
juhdwhu vhdufk frvwv vr wkh| zrxog suhihu hyhu|gd| orz sulfhv zlwk ihzhu vdohv +zklfk dyrlgv
kdylqj wr vshqg wlph vhdufklqj iru vdohv,/ ihzhu surgxfw olqhv dqg odujhu lqyhqwrulhv +uhgxflqj
wkh fkdqfhv ri ehlqj rxw0ri0vwrfn ri d surgxfw dqg wkxv fuhdwlqj wkh qhhg iru dqrwkhu wuls wr
wkh vwruh,/ dqg pruh dwwhqwlyh wkrxjk pruh djjuhvvlyh vdohv shuvrqqho +zklfk pljkw vshhg xs
wkh wlph vshqw ex|lqj, dv pljkw eh dfklhyhg e| kdylqj vdohv shuvrqqho zrun rq frpplvvlrq1
W k hf r q v x p h uz l w kd ql g h d ov h wr iv w r u hs u d f w l f h vr iE￿cØØØc￿￿ lv ghqrwhg d w|sh ￿ frq0
vxphu1 Wkh xwlolw| wr d w|sh ￿ frqvxphu iurp ex|lqj % xqlwv dw d sulfh ri R iurp vwruh ￿ lv
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: ￿ iru doo E￿cE5￿
￿cØØØc5￿
ø￿￿Ø Ohwwlqj _ ￿
tSø
￿’￿E5￿
￿ ￿ ￿￿2/l wf d qe hv k r z qw k d wu￿_:￿ lv vx!flhqw iru Y2￿
Y_Y￿ ￿ f1 Khqfh/ dq lqfuhdvh
lq ￿ uh hfwv d frqvxphu*v kljkhu pdujlqdo glvvdwlvidfwlrq iurp dfwxdo vwruh sudfwlfhv ghyl0
dwlqj iurp prvw suhihuuhg sudfwlfhv1 Jlyhq wkh deryh xwlolw| ixqfwlrq/ d w|sh ￿ frqvxphu*v













:Lq pdunhw ￿/ frqvxphuv duh glvwulexwhg dffruglqj wr d fgi 8￿ G i￿cØØØc-j$dfc￿o1P d u 0
nhwv duh krprjhqhrxv zkhq 8￿ ’ 82 ’ ￿￿￿ ’ 8￿Ø Wkh frpsxwdwlrqdo prgho dvvxphv wkh
iroorzlqj vshfl?fdwlrq uhjduglqj wkh glvwulexwlrq ri frqvxphu w|shv1 Lq d jlyhq pdunhw/ 4333
frqvxphuv duh glvwulexwhg ryhu wkh w|sh vsdfh/ i￿c2cØØØc￿ffj/ dffruglqj wr d glvfuhwh ghqvlw|
ixqfwlrq zklfk kdv srvlwlyh ghqvlw| ryhu 83 qhljkerulqj w|shv/ zkhuh wkh srvlwlyh ghqvlwlhv
dssur{lpdwh d wuldqjxodu ghqvlw| ixqfwlrq1
5151 Uhsuhvhqwdwlrq ri d Vwruh dqg d Fkdlq
Lq dq| shulrg/ d vwruh*v w|sh lv uhsuhvhqwhg e| lwv fxuuhqw sudfwlfhv zklfk lv dq hohphqw ri
i￿cØØØc-jø1 Jlyhq sudfwlfhv 5￿ ￿ E5￿
￿cØØØc5￿

























D vwruh lv dvvxphg wr rswlpdoo| vhw lwv sulfh1e Xvlqj wkh sur?w ixqfwlrq/ wkh rswlpdo
sulfh lv= RW ’ S


















































Zkdw lv lpsruwdqw iru rxu dqdo|vlv lv wkdw d vwruh*v sur?w lv ghfuhdvlqj lq wkh glvwdqfh
ehwzhhq lwv sudfwlfhv dqg wkrvh ghvluhg e| lwv fxvwrphuv1

































;W k hg h j u h hr if h q w u d o l } d w l r ql qdf k d l ql vp h d v x u h ge |w k hq x p e h ur ig l p h q v l r q vw k d w
KT frqwurov1 Ohw l ºi ￿cØØØcøj ghqrwh wkh vhw ri glphqvlrqv frqwuroohg e| KT vr wkdw vwruh
pdqdjhuv frqwuro i￿cØØØcøj￿l1 Lq wkh frqwh{w ri rxu prgho ri lqqrydwlrq/ frqwuro ri d jlyhq
glphqvlrq lpsolhv wkh dxwkrulw| wr dgrsw wkrvh lghdv wkdw hqwdlo fkdqjhv lq wkdw glphqvlrq1
Wkh h{dfw vshfl?fdwlrq lv surylghg odwhu1
61 Vwuxfwxuh ri wkh Odqgvfdsh
D vwruh*v dqg d fkdlq*v odqgvfdshv fdq eh wkrurxjko| fkdudfwhul}hg e| hydoxdwlqj wkh sur?w
ixqfwlrqv +515, dqg +516,/ uhvshfwlyho|/ iru doo sudfwlfhv1 Gxh wr wkh frpsxwdwlrqdo frqvwudlqw/
krzhyhu/ zh olplw rxu hydoxdwlrq lq wklv vhfwlrq wr rqo| wzr0glphqvlrqdo vwruh sudfwlfh vsdfh
+ø ’2 ,1 Jlyhq d wuldqjxodu ghqvlw| zlwk wkh shdn frqvxphu w|sh dw 83 dqg wkh sdudphwhu
ydoxhv ri - ’ ￿ff/ ￿ ’2 / S ’￿ f /d q gq ’f ØD/o h w5WE￿￿ ￿ E5W
￿E￿￿c5W
2E￿￿￿ ghqrwh wkh orfdo
rswlpxp ri d odqgvfdsh dv d ixqfwlrq ri ￿/z k h u h5W
￿E￿￿ lv wkh vwruh*v sudfwlfh lq wkh ￿wk
glphqvlrq dw wkh orfdo rswlpxp1 Wdeoh 4 surylghv wkh orfdo rswlpd iru ￿ 5i ￿c￿cDc.j1Q r w h
wkdw frpsohphqwdulwlhv lq frqvxphuv* suhihuhqfhv ohdg wr 5W
￿E￿￿’5W
2E￿￿1
Uhpdun 4= Dq lqfuhdvh lq ￿ udlvhv wkh qxpehu ri orfdo rswlpd iru d vwruh1 D vwruh*v
odqgvfdsh ehfrphv pruh uxjjhg dv ￿ ulvhv1
Vlploduo|/ d fkdlq*v odqgvfdsh/ gh?qhg ryhu wkh vxp ri vwruhv* sur?wv/ whqgv wr h{klelw
wkh vdph fkdudfwhulvwlfv= dq lqfuhdvh lq ￿ udlvhv wkh qxpehu ri orfdo rswlpd iru d fkdlq1D
<71 Prghoolqj ri Lqqrydwlrq
Zkloh wkh uhvxowv uhsruwhg lq wklv sdshu rqo| kdyh vwruhv jhqhudwlqj qhz lghdv/ ohw xv ghvfuleh
wkh pruh jhqhudo prgho wkdw lqyroyhv KT dovr jhqhudwlqj lghdv1 Lq hdfk shulrg/ KT dqg
hdfk vwruh jhqhudwhv lghdv1 D w|slfdo lghd kdv wkh iroorzlqj surshuwlhv1 Dq lghd vsdqv g
glphqvlrqv ri wkh vwruh/ zkhuh g 5i ￿cØØØc￿j dqg ￿ 5i ￿cØØØcøj lv d sdudphwhu1 Wkh g
glphqvlrqv duh udqgrpo| vhohfwhg iurp i￿cØØØcøj zlwkrxw uhsodfhphqw1 Iru hdfk ri wkrvh
g glphqvlrqv/ wkhuh lv d udqgrp gudz iurp i￿cØØØ-j1 Wkh ghjuhh ri vrsklvwlfdwlrq +ru
htxlydohqwo|/ wkh ghjuhh ri frpsoh{lw|, lq d jlyhq lghd lv phdvxuhg e| ￿/ wkh pd{lpxp
qxpehu ri glphqvlrqv wkdw dq lghd fdq hqfrpsdvv1 Iru wkh uhpdlqghu ri wkh dqdo|vlv zh zloo
?{ ￿ ’￿vr wkdw doo lghdv duh rqh0glphqvlrqdo1S
Wr pdnh wkh surfhvv ri lghd jhqhudwlrq d elw pruh frqfuhwh/ ohw xv frqvlghu dq h{dpsoh
zlwk ø ’D c-’ ￿ff/d q g￿ ’￿ 1 Vxssrvh wkh fxuuhqw vwruh sudfwlfh lv +58/ 89/ :4/ 66/ ;<,
dqg dq lqqrydwlrq lqyroyhv fkdqjlqj wkh sudfwlfh lq wkh wklug glphqvlrq iurp :4 wr <81 Wkh
qhz vwruh sudfwlfh dffrpprgdwlqj wklv fkdqjh zrxog eh +58/ 89/ <8/ 66/ ;<,1 Li wklv lghd lv
lpsohphqwhg e| dqrwkhu vwruh fxuuhqwo| hpsor|lqj +44/ 5</ 87/ 7</ 98,/ lwv qhz vwruh sudfwlfh
zloo eh h{suhvvhg dv +44/ 5</ <8/ 7</ 98,1
Lq hdfk shulrg/ wkh lghdv jhqhudwhg e| KT dqg wkh vwruhv duh frqvlghuhg iru dgrswlrq
vhtxhqwldoo| zlwk wkh rughu ehlqj udqgrpo| ghwhuplqhg1 Uhfdoo wkdwl ºi ￿cØØØcøj uhsuhvhqwv
wkh glphqvlrqv frqwuroohg e| KT zkloh vwruh pdqdjhuv frqwuro i￿cØØØcøj￿l1 D sduwlfxodu
rujdql}dwlrqdo irup lv wkhq gh?qhg e| l1. Ohw U|
ß dqg U|
& ghqrwh wkh glphqvlrq hqfrpsdvvhg




Wkh dgrswlrq surfhgxuh lq d jlyhq shulrg lv ghvfulehg e| wkh iroorzlqj dojrulwkp1
￿ Frqvlghu dq lghd jhqhudwhg e| KT1 Li U|
ß 5 l wkhq KT kdv dxwkrulw| ryhu wkh lghd1 Li lwv
dgrswlrq e| doo vwruhv zrxog udlvh fkdlq sur?w wkhq lw lv pdqgdwhg1 Rwkhuzlvh/ wkh lghd
lv glvfdughg1 Rq wkh rwkhu kdqg/ li U|
ß * 5 l wkhq KT grhv qrw kdyh dxwkrulw| ryhu wkh
lghd1 Li dw ohdvw + vwruhv/ + 5i ￿cØØØc￿j/z r x o ge h q h ?w iurp wkh dgrswlrq ri wklv lghd
wkhq KT sdvvhv wkh lghd wr doo vwruhv iru wkhlu lqghshqghqw hydoxdwlrq dqg dgrswlrq1
Rwkhuzlvh/ wkh lghd lv glvfdughg1 Wkh uhfrpphqghg lghd lv frqvlghuhg lqghshqghqwo|
e| hdfk vwruh*v pdqdjhu dqg dgrswhg li lw udlvhv wkh vwruh*v sur?w1 Rwkhuzlvh/ lw lv
glvfdughg e| wkh vwruh1
￿ Frqvlghu dq lghd jhqhudwhg e| d vwruh/ &1L iU|
& 5i ￿cØØØcøj￿l wkhq wkh pdqdjhu ri
vwruh & kdv dxwkrulw| ryhu wkh lghd1 Kh lpphgldwho| dgrswv wkh lghd li dqg rqo| li lw
udlvhv klv vwruh*v sur?w1 Rwkhuzlvh/ kh glvfdugv wkh lghd1 Li wkh lghd lv dgrswhg e| wkh
vwruh/ lw lv wkhq revhuyhg e| KT1H KT sdvvhv lw wr doo vwruhv iru srwhqwldo dgrswlrq li
dqg rqo| li dw ohdvw + vwruhv zrxog ehqh?w iurp lwv dgrswlrq1 Rwkhuzlvh/ lw lv glvfdughg
dw wkh KT0ohyho1 Wkh uhfrpphqghg lghd lv frqvlghuhg lqghshqghqwo| e| hdfk vwruh*v
pdqdjhu dqg dgrswhg li lw udlvhv wkh vwruh*v sur?w1 Rwkhuzlvh/ lw lv glvfdughg e| wkh
vwruh1 Frqyhuvho|/ li U|
& * 5i ￿cØØØcøj￿l wkhq wkh pdqdjhu ri vwruh & grhv qrw kdyh
dxwkrulw| ryhu wkh lghd1 Kh vhqgv wkh lghd xs wr KT li lwv dgrswlrq zrxog udlvh vwruh
44&*v sur?w1 Rwkhuzlvh/ lw lv glvfdughg dw wkh vwruh0ohyho1 Wkh lghd wkdw lv vhqw xs wr KT
lv pdqgdwhg li lw udlvhv wkh fkdlq*v sur?w1 Rwkhuzlvh/ lw lv glvfdughg dw wkh KT0ohyho1
￿ 3+4 lv fkrvhq wr pd{lpl}h orqj0uxq fkdlq sur?w1
Wkh odvw sduw uhtxluhv vrph h{sodqdwlrq1 Wkh wdvn lv wr vshfli| d uhdvrqdeoh uxoh iru KT
wr xvh lq ghflglqj zkhwkhu wr sdvv dq lghd wr doo vwruhv1 Vlqfh qr sduwlfxodu uxoh reylrxvo|
grplqdwhv/ zh frqvlghu d fodvv ri uxohv/ gh?qhg e| + 5i ￿cØØØc￿j/d q gf k r r v hw k d wu x o h
wkdw pd{lpl}hv fkdlq shuirupdqfh1 Qrwlfh wkdw + ’￿lv htxlydohqw wr sdvvlqj hyhu| lghd
wr wkh vwruhv vr wkdw KT grhv qrw dfwlyho| vfuhhq lghdv1 + ’ ￿ fruuhvsrqgv wr sdvvlqj dq
lghd dorqj rqo| li lw zrxog eh dgrswhg e| doo vwruhv vr wkdw xqlirup sudfwlfhv lq wkh d>hfwhg
glphqvlrqv zrxog suhydlo1b
Lpsolflw lq wklv dgrswlrq surfhvv lv wkdw d vwruh pdqdjhu dqg KT nqrz wkh dvvrfldwhg
sur?w iurp dgrswlqj d qhz lghd1 Krzhyhu/ zh gr qrw vxssrvh wkdw wkh| kdyh joredo lqirupd0
wlrq derxw wkh odqgvfdsh1 Lghqwli|lqj d qhz srlqw lq vwruh sudfwlfh vsdfh uhsuhvhqwv dq dfw
ri fuhdwlylw|1 Kdylqj lghqwl?hg d qhz vwruh sudfwlfh/ zh vxssrvh wkdw d vwruh +KT, fdq h{0
shulphqw zlwk lw vr dv wr uhyhdo wkh dvvrfldwhg vwruh +fkdlq, sur?w iurp lwv dgrswlrq1 Udwkhu
wkdq prgho wklv surfhvv ri h{shulphqwdwlrq/ zklfk zrxog ixuwkhu frpsolfdwh wkh prgho/ zh
lpsolflwo| dvvxph lw lv grqh lqvwdqwo| dqg frvwohvvo|1 Wr prwlydwh wkh xvh ri d + uxoh/ zh
lpdjlqh wkdw KT kdv dq lghd ri wkh pl{ ri gl>huhqw pdunhw w|shv vhuyhg e| wkhlu fkdlq exw
grhv qrw nqrz zklfk vwruh vhuyhv zklfk pdunhw1￿f
Qrwh wkdw lq rxu prgho wkh lqwhuqdo gl>xvlrq ri lghdv lv idflolwdwhg vroho| e| KT1 Zkloh
45zh uhfrjql}h wkh srvvlelolw| ri gluhfw lqwhu0vwruh ohduqlqj/ lw lv qrw fohdu wkdw wklv vhsdudwh
fkdlq ri frppxqlfdwlrq zloo kdyh dq| txdolwdwlyh lpsdfw rq rxu dqdo|vlv wkrxjk wkh pdwwhu
lv zruwk| ri ixuwkhu frqvlghudwlrq1￿￿
81 Vwdeoh Pdunhwv dqg Frqyhujhqfh wr Orfdo Rswlpd
8141 Vlpxodwlrq Ghvljq￿2
Wzr h{wuhph rujdql}dwlrqdo irupv duh frqvlghuhg= ixoo ghfhqwudol}dwlrq +vwruh pdqdjhuv frq0
wuro doo glphqvlrqv dqg + lv fkrvhq wr pd{lpl}h orqj0uxq fkdlq sur?w, dqg ixoo fhqwudol}dwlrq
+KT frqwurov doo glphqvlrqv,1￿￿ Iru hdfk vhw ri sdudphwhu ydoxhv/ wkh frpsxwdwlrqdo h{shu0
lphqw frqvlvwv ri 833 uhsolfdwlrqv ri wkh lqqrydwlrq surfhgxuh1 Hdfk uhsolfdwlrq lqyroyhv d
udqgrpo| gudzq yhfwru ri lqlwldo vwruh sudfwlfhv +zklfk duh dvvxphg wr eh lghqwlfdo iru wkh
vwruhv, dqg d vhtxhqfh ri A￿ qhz sudfwlfhv/ rqh iru hdfk ri wkh ￿ vwruhv lq hdfk ri A
shulrgv1 Zh ohw A 5i Dffc￿fffc￿DffjØ Wzr fodvvhv ri rxwsxw gdwd zhuh froohfwhg iru hdfk
vhw ri sdudphwhu ydoxhv1 Iluvw/ wkh h{ dqwh rswlpdo rujdql}dwlrqdo irup edvhg rq dyhudjh
fkdlq sur?w ryhu wkh krul}rq dyhudjhg ryhu wkh 833 uhsolfdwlrqv1 Vhfrqg/ wkh iuhtxhqf| zlwk
zklfk dq rujdql}dwlrqdo irup lv wkh h{ srvw rswlpxp +rxw ri wkh 833 uhsolfdwlrqv, lq whupv
ri dyhudjh fkdlq sur?w ryhu wkh krul}rq1
Iru wudfwdelolw|/ zh dvvxph wkdw ￿ pdunhwv fdq eh fodvvl?hg lqwr wzr vhsdudwh w|shv rq
wkh edvlv ri frqvxphu glvwulexwlrqv1 Pruh vshfl?fdoo|/ wkhuh duh wzr fxpxodwlyh glvwulexwlrq
ixqfwlrqv/ 8UE￿￿ dqg 8UUE￿￿/v x f kw k d w8￿E￿￿’8UE￿￿ iru ￿ ’￿ cØØØc ￿
2 dqg 8￿E￿￿’8UUE￿￿
iru ￿ ’ ￿
2 n￿ cØØØc￿Ø Lq dq| jlyhq pdunhw ri w|sh U +UU,/ 4333 frqvxphuv duh glvwulexwhg
ryhu wkh w|sh vsdfh/ ~4/5/111/433￿/ dffruglqj wr d glvfuhwh ghqvlw| ixqfwlrq sUEsUU￿ jhqhudwhg
46iurp 8UE8UU￿1 sUEsUU￿ kdv d wuldqjxodu ghqvlw| ryhu 83 qhljkerulqj w|shv1 Ohwwlqj ￿U dqg
￿UU ghqrwh wkh shdn +grplqdqw, frqvxphu w|shv lq pdunhwv ri w|sh U dqg UU/ uhvshfwlyho|/ lw
lv dvvxphg wkdw ￿U ’D f￿k dqg ￿UU ’D fnk/z k h u hk l vw k hg h j u h hr il q w h u 0 p d u n h wk h w h u r 0
jhqhlw|1 Uhvxowv duh suhvhqwhg rqo| iru ￿ ’2wkrxjk kdyh ehhq irxqg wr eh txdolwdwlyho|
urexvw wr zkhq ￿ ’edqg ￿ ’S Ø
Iru wkh vlpxodwlrqv/ wkh iroorzlqj sdudphwhu ydoxhv zhuh dvvxphg= q ’f ØDcS’￿ firu
￿ 5i ￿c￿cDj dqg S ’￿ f cfff iru ￿ ’. c￿e - ’￿ f f cø’￿ f cg’ ￿ ’￿ c l 5i fc￿fjc￿’2 c
k 5i fc￿c2c￿cecDjc￿5i ￿c￿cDc.jcdqg 7 ’ Dff +& ri uhsolfdwlrqv,1 Zh ixuwkhu dvvxph wkdw
KT jhqhudwhv qr lghdv zkloh hdfk vwruh pdqdjhu jhqhudwhv rqh lghd shu shulrg1 Doo vwruhv
duh hqgrzhg zlwk dq lghqwlfdo vhw ri sudfwlfhv wkdw lv udqgrpo| vhohfwhg iurp i￿cØØØc￿ffj
￿f1
8151 Uhvxowv
Wkh qxphulfdo rxwsxw lv suhvhqwhg lq Wdeohv 5 dqg 61 Wdeoh 5 uhsruwv wkh rujdql}dwlrqdo
vwuxfwxuh wkdw jhqhudwhg kljkhu dyhudjh fkdlq sur?wr y h uw k h?uvw A shulrgv +zlwk wkdw
dyhudjh sur?w ehlqj dyhudjhg ryhu wkh 833 uhsolfdwlrqv,1 Wdeoh 6 uhsruwv wkh iuhtxhqf|/ rxw
ri wkh 833 uhsolfdwlrqv/ zlwk zklfk d jlyhq rujdql}dwlrqdo vwuxfwxuh |lhoghg kljkhu dyhudjh
fkdlq sur?wr y h uw k h?uvw A shulrgv1
Surshuw| 4= Fhqwudol}dwlrq lv pruh olnho| wr rxwshuirup ghfhqwudol}dwlrq zkhq pdunhwv
duh vx!flhqwo| vlplodu +k orz,/ zkloh ghfhqwudol}dwlrq lv pruh olnho| wr rxwshuirup
fhqwudol}dwlrq zkhq pdunhwv duh vx!flhqwo| gl>huhqw +k kljk,1
47H{dplqlqj Wdeoh 5/ ghfhqwudol}dwlrq rxwshuirupv fhqwudol}dwlrq lq whupv ri dyhudjh shu0
irupdqfh +dyhudjhg ryhu wkh 833 uhsolfdwlrqv, zkhq k:2Ø Fhqwudol}dwlrq rxwshuirupv zkhq
k ’f ck’￿+dqg ￿ ’￿ cDc.￿c dqg k ’2+￿ ’D c. dqg A ’ Dff￿Ø￿D Wxuqlqj wr Wdeoh 6 dqg
frqvlghulqj/ iru h{dpsoh/ E￿cA￿’E D cDff￿c zh ?qg wkdw dyhudjh sur?w +ryhu wkh krul}rq, iru
fhqwudol}dwlrq h{fhhghg wkdw iru ghfhqwudol}dwlrq lq 59; ri wkh 833 uxqv zkhq k ’￿+frp0
sduhg wr 558 uxqv lq zklfk ghfhqwudol}dwlrq rxwshuiruphg fhqwudol}dwlrq,/ 555 uxqv zkhq
k ’2+frpsduh wr 5:;,/ dqg 485 uxqv zkhq k ’￿+frpsduhg wr 67;,1
Vlqfh fhqwudol}dwlrq lpsrvhv xqliruplw| ri sudfwlfhv/ lw lv qrw vxusulvlqj wkdw ghfhqwudo0
l}dwlrq rxwshuirupv zkhq vwruhv* pdunhwv duh vx!flhqwo| gl>huhqw1 Lq wkdw vlwxdwlrq/ lw lv
suhihudeoh wr doorz hdfk vwruh pdqdjhu wr wdloru sudfwlfhv wr klv rzq xqltxh pdunhw1 Uhtxlu0
lqj frpprq sudfwlfhv/ dv rffxuv xqghu fhqwudol}dwlrq/ zrxog lqyroyh/ iru dw ohdvw rqh pdunhw/
hvwdeolvklqj sudfwlfhv wkdw duh txlwh lqdghtxdwh iru sohdvlqj wkh pdunhw*v frqvxphuv1
Zkdw lv pruh lqwuljxlqj lv wkdw fhqwudol}dwlrq lv suhihuuhg zkhq pdunhwv duh qrw wrr
gl>huhqw1 Wkh ehqh?wv ri ghfhqwudol}dwlrq duh fohdu dv lw doorzv hdfk vwruh wr wdloru lwv
sudfwlfhv wr lwv pdunhw1 Zkdw zh eholhyh wr eh wkh ghwulphqwdo dvshfw lv wkdw dv vwruhv frph
wr wdujhw gl>huhqw frqvxphuv wkh h{whqw wr zklfk wkh| ohduq iurp hdfk rwkhu*v sudfwlfhv
glplqlvkhv1 Iru h{dpsoh/ li vwruh 4 frphv wr wdujhw frqvxphu 78 +suhvxpdeo| ehfdxvh wkh
shdn ri wkh frqvxphu glvwulexwlrq lq vwruh 4*v pdunhw lv forvh wr 78, dqg vwruh 5 frphv
wr wdujhw frqvxphu 86 wkhq d sudfwlfh lpsohphqwhg e| vwruh 4 0 zklfk pljkw pdnh vrph
g l p h q v l r qk d y hdy d o x hr i /v d | /7 90l vx q o l n h o |w ru d l v hv w r u hs u r ?w li dgrswhg e| vwruh 51 Lq
frqwudvw/ li erwk vwruhv wdujhw frqvxphu 7< wkhq hdfk vwruh fdq ohduq iurp rqh dqrwkhu dqg
48wklv fdq ohdg wr kljkhu fkdlq sur?w hyhq li qhlwkhu vwruh lv dfklhylqj d joredo rswlpxp iru lwv
pdunhw1 Lq vkruw/ wkhuh lv d vljql?fdqw vkruw0uxq dgydqwdjh wr wkh xqliruplw| lqgxfhg xqghu
fhqwudol}dwlrq lq wkdw lw surprwhv vslooryhu ri lghdv dfurvv vwruhv1
Lq rughu wr vxevwdqwldwh wklv frqmhfwxuhg h{sodqdwlrq ri Surshuw| 4/ ohw xv ehjlq e|
h{dplqlqj d vlqjoh uxq1 Iru d fkdlq zlwk wzr vwruhv/ wkhuh duh wzr lghdv wr eh hydoxdwhg
lq dq| shulrg vr wkdw/ ryhu dq krul}rq ri 4833 shulrgv/ wkhuh lv d vhtxhqfh ri 6333 lghdv1
Wr hdfk lghd zh dvvljq d qxpehu iurp ifc￿c2j zklfk lv htxdo wr wkh qxpehu ri vwruhv wkdw
zrxog ehqh?w iurp wkdw lghd +wkdw lv/ lwv sur?w zrxog ulvh, jlyhq wkh vwruh sudfwlfhv iru wkdw
shulrg1 Zkdw zh qhhg wr vkrz wr ydolgdwh rxu frqmhfwxuh lv wkdw wkhuh lv d juhdwhu qxpehu
ri lghdv ehqh?wwlqj erwk vwruhv xqghu fhqwudol}dwlrq wkdq xqghu ghfhqwudol}dwlrq1 Iru k ’￿ /
Iljxuh 4 vkrzv wkh uhvxowlqj vhulhv xqghu ghfhqwudol}dwlrq zkloh Iljxuh 5 vkrzv lw xqghu
fhqwudol}dwlrq1 Iluvw qrwh wkdw wkh sdwwhuq lv urxjko| wkh vdph gxulqj wkh ?uvw 633 shulrgv
ru vr lq wkdw pdq| lghdv duh ehqh?fldo wr erwk vwruhv xqghu hlwkhu vwuxfwxuh1 Wkhuhdiwhu wkh
sdwwhuqv glyhujh dv/ xqghu ghfhqwudol}dwlrq/ wkh iuhtxhqf| ri lghdv wkdw zrxog ehqh?we r w k
vwruhv ghfuhdvhv gudpdwlfdoo|1 Prvw ri wkh lghdv jhqhudwhg iurp wkhq rq whqg wr ehqh?wr q o |
rqh vwruh1 Lq frqwudvw/ wkh suhvhqfh ri pxwxdoo| ehqh?fldo lghdv shuvlvwv xqghu fhqwudol}dwlrq
vr wkdw zkdw rqh vwruh glvfryhuv dqg dgrswv lv riwhq ghvludeoh wr wkh rwkhu vwruh1
Wkh deryh hylghqfh zdv iru d vlqjoh vlpxodwlrq uxq1 Zh qh{w shuiruphg d odujh qxpehu
ri uxqv dqg frqvwuxfwhg d phdvxuh ri wkh olnholkrrg wkdw dq lghd lq d jlyhq shulrg ehqh?wv
erwk vwruhv1 Ilyh kxqguhg uhsolfdwlrqv ri wkh suhylrxv vlpxodwlrq zhuh fduulhg rxw/ hdfk wlph
xvlqj d iuhvk vhw ri lqlwldo sudfwlfhv dqg vhtxhqfh ri 6/333 lghdv1 Iru hdfk uhsolfdwlrq/ wkh
49qxpehu ri vwruhv ehqh?wwhg e| dq lghd zdv fdofxodwhg iru hdfk lghd1 Xsrq frpsohwlqj wkh
833 uxqv/ zh frpsxwhg iru hdfk rujdql}dwlrqdo vwuxfwxuh dqg iru hdfk hohphqw ri wkh 6/333
ohqjwk vhtxhqfh/ wkh iuhtxhqf| ri wkh fdvhv wkdw ehqh?wwhg erwk vwruhv dv d iudfwlrq ri wkh 833
uxqv1 Iljxuh 6 fdswxuhv wkh gl>huhqwldo sursruwlrq xqghu fhqwudol}dwlrq dqg ghfhqwudol}dwlrq
iru Ekc￿￿’E ￿ c￿￿> wkdw lv/ wkh sursruwlrq ri uxqv lq zklfk d jlyhq lghd ehqh?wwhg erwk
vwruhv xqghu fhqwudol}dwlrq plqxv wkh vdph phdvxuh xqghu ghfhqwudol}dwlrq1 Lw vkrzv wkdw
d fhqwudol}hg rujdql}dwlrq kdv d juhdwhu olnholkrrg ri jhqhudwlqj lghdv wkdw ehqh?we r w k
vwruhv1￿S
Surshuw| 5= Fhqwudol}dwlrq lv pruh olnho| wr rxwshuirup ryhu vkruw krul}rqv +A ’D f f ￿
zkloh ghfhqwudol}dwlrq lv pruh olnho| wr rxwshuirup ryhu orqj krul}rqv +A ’ ￿Dff￿Ø
Dq lpsruwdqw idfwru lq wklv uhvxow lv wkdw wkh joredo rswlpxp xqghu ghfhqwudol}dwlrq kdv
kljkhu fkdlq sur?w wkdq wkh joredo rswlpxp xqghu fhqwudol}dwlrq1 D ghfhqwudol}hg vwuxfwxuh
doorzv iru wkh srvvlelolw| wkdw hdfk vwruh dfklhyhv lwv joredo rswlpxp e| h{dfwo| wdlorulqj lwv
sudfwlfhv wr zkdw lv ghvluhg e| lwv frqvxphuv1 Fhqwudol}dwlrq uxohv rxw wkdw srvvlelolw| e|
yluwxh ri pdqgdwlqj frpprq sudfwlfhv1 Dv dfklhylqj d joredo rswlpxp lv pruh olnho| zlwk d
orqjhu krul}rq/ ghfhqwudol}dwlrq whqgv wr shuirup uhodwlyho| ehwwhu dv wkh krul}rq lqfuhdvhv1
Surshuw| 6= Fhqwudol}dwlrq lv pruh olnho| wr rxwshuirup zkhq frqvxphuv duh vx!flhqwo|
vhqvlwlyh wr vwruh sudfwlfhv +￿ kljk,/ zkloh ghfhqwudol}dwlrq lv pruh olnho| wr rxwshuirup
zkhq frqvxphuv duh vx!flhqwo| lqvhqvlwlyh wr vwruh sudfwlfhv +￿ orz,1
4:Uhfdoolqj Uhpdun 4/ Surshuw| 6 lpsolhv wkdw wkh uhodwlyh h>hfwlyhqhvv ri fhqwudol}dwlrq
ulvhv zlwk wkh uxjjhgqhvv ri wkh odqgvfdshv idfhg e| wkh vwruhv dqg wkh fkdlq1 Wr xqghuvwdqg
wklv uhvxow/ frpsduh ￿ ’￿dqg ￿ ’￿zkhq k ’2 Ø Wkh vhw ri orfdo rswlpd lv vkrzq lq Wdeoh
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wklv lghd lv xqolnho| wr jhqhudwh ehqh?fldo lqwhu0vwruh vslooryhuv xqghu hlwkhu rujdql}dwlrqdo
irup1 Zkloh lw lv dsw wr eh ydoxdeoh wr vwruh 4 +dv lw kdv d orfdo rswlpxp dw 7;,/ dq lghd
zlwk ydoxh 7; lv qhlwkhu sduw ri d orfdo rswlpxp iru vwruh 5 0 vr wkdw xqghu ghfhqwudol}dwlrq
lw zrxog suredeo| qrw eh dgrswhg e| vwruh 5 0 qru sduw ri d orfdo rswlpxp iru wkh fkdlq 0
vr wkdw xqghu fhqwudol}dwlrq/ KT zrxog suredeo| qrw pdqgdwh wkh lghd1 Qrz frqvlghu wkdw
vdph lghd zkhq ￿ ’￿ 1 Xqghu ghfhqwudol}dwlrq/ lw suredeo| zloo qrw uhvxow lq lqwhu0vwruh
ohduqlqj dv 7; vwloo idlov wr eh sduw ri d orfdo rswlpxp iru vwruh 51 Krzhyhu/ lw lv qrz sduw
ri d orfdo rswlpxp iru wkh fkdlq vr wkdw wkh lghd/ zkhq sdvvhg e| vwruh 4 wr KT/ lv olnho|
wr eh pdqgdwhg xqghu fhqwudol}dwlrq1 Pruh jhqhudoo|/ dv ￿ lqfuhdvhv/ wkh vhw ri orfdo rswlpd
h{sdqgv vr wkdw wkhuh lv pruh ryhuods ehwzhhq wkh orfdo rswlpd ri vwruhv dqg ehwzhhq wkh
orfdo rswlpd ri wkh fkdlq dqg d vwruh1 Krzhyhu/ lw vhhpv wkdw wkh ryhuods ehwzhhq wkh fkdlq
dqg vwruhv h{sdqgv idvwhu1 Lq wkh h{dpsoh deryh/ wkh vhw ri ryhuods ehwzhhq wkh fkdlq dqg
vwruh 4 +5, h{sdqgv iurp iebj wr ieHcebcDfj +iDfcD￿cD2j, zkloh wkh vhw ri ryhuods ehwzhhq
wkh rswlpd ri wkh vwruhv jrhv iurp wkh hpsw| vhw wr iDfj1 Khqfh/ lw ehfrphv pruh olnho|
wkdw d vwruh zloo sdvv dq lghd xs wr KT wkdw KT ?qgv wr hqkdqfh fkdlq sur?w1 Zkdw wklv
phdqv lv wkdw wkh rssruwxqlw| iru lqwhu0vwruh vslooryhuv lv h{sdqglqj dw d idvwhu udwh xqghu
fhqwudol}dwlrq uhodwlyh wr ghfhqwudol}dwlrq/ dv ￿ lv lqfuhdvhg1 Zkloh wkh lqfuhdvhg uxjjhgqhvv
4;ri vwruhv* odqgvfdshv hqkdqfhv lqwhu0vwruh ohduqlqj xqghu ghfhqwudol}dwlrq/ wkh rssruwxqlwlhv
dffhohudwh idvwhu xqghu fhqwudol}dwlrq1￿.
Wkh edvlf irufh xqghuo|lqj wkh uhvxowv ri wklv vhfwlrq lv wkh iroorzlqj wudgh0r> dvvrfldwhg
zlwk d pruh ghfhqwudol}hg vwuxfwxuh1 Prylqj dxwkrulw| grzq wkh klhudufk| doorzv vwruh
pdqdjhuv wr prgli| wkhlu rshudwlrqdo urxwlqhv ryhu wlph vr wkdw hdfk vwruh*v rshudwlrq lv
uhdvrqdeo| zhoo0dgdswhg wr lwv orfdo pdunhw hqylurqphqw1 Wkh grzqvlgh wr wklv xqfrruglqdwhg
surfhvv ri lpsuryhphqw lv wkdw lw pd| ohdg wr dq hyhqwxdo glyhujhqfh lq sudfwlfhv dfurvv
vwruhv1 Dv vwruhv pljudwh wr gl>huhqw sduwv ri wkh odqgvfdsh/ d qhz sudfwlfh xqfryhuhg dqg
dgrswhg dw rqh vwruh zloo eh lqfrpsdwleoh zlwk wkh fxuuhqw sudfwlfhv ri rwkhu vwruhv lq wkh
fkdlq1 Lq hvvhqfh/ vwruhv judgxdoo| frph wr wdujhw glvwlqfw frqvxphuv dqg wklv olplwv wkh
h{whqw ri lqwhu0vwruh ohduqlqj1 Wklv kdv wkh h>hfw ri vorzlqj grzq wkh udwh ri lqqrydwlrq dv
vwruhv hqg xs vhdufklqj lqghshqghqwo|1 Wkh xsvlgh lv wkdw wkh sudfwlfhv wkdw wkh| gr dgrsw/
wkrxjk ihzhu lq qxpehu/ duh ehwwhu vxlwhg wr wkhlu hqylurqphqw1 Lq frqwudvw/ d fhqwudol}hg
vwuxfwxuh hqkdqfhv lqwhu0vwruh ohduqlqj e| pdqgdwlqj frpprq sudfwlfhv dqg nhhslqj vwruhv
dw wkh vdph srlqw rq wkh odqgvfdsh1 Zlwk wkhvh wzr frxqwhuydlolqj h>hfwv/ zh ?qg wkdw d
ghfhqwudol}hg vwuxfwxuh rxwshuirupv rqo| zkhq pdunhwv duh vx!flhqwo| khwhurjhqhrxv/ wkh
krul}rq lv vx!flhqwo| orqj/ dqg frqvxphuv duh vx!flhqwo| lqvhqvlwlyh wr vwruh sudfwlfhv1
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Wkh suhylrxv dqdo|vlv vkrzhg wkdw fhqwudol}dwlrq fdq rxwshuirup ghfhqwudol}dwlrq exw rqo|
lq wkh vkruw0uxq1 Wkh pdunhw hqylurqphqw zdv vshfl?hg wr eh xqfkdqjlqj vr wkdw wkh fkdlq
4<d q gv w r u h vz h u hv h d u f k l q jd?{hg odqgvfdsh1 Qrz ohw xv hqulfk wklv prgho e| doorzlqj wkh
odqgvfdsh wr fkdqjh gxh wr pryhphqwv lq frqvxphu suhihuhqfhv1 Krz grhv d frqwlqxdoo|
fkdqjlqj hqylurqphqw dowhu wkh uhodwlyh shuirupdqfh ri wkhvh rujdql}dwlrqdo vwuxfwxuhvB
Jlyhq wkh vdph wuldqjxodu ghqvlw| iru frqvxphu w|shv dv dvvxphg lq vwdeoh pdunhwv/ ohw
%|
￿ ghqrwh wkh shdn w|sh lq pdunhw ￿ lq shulrg | vr wkdw srvlwlyh ghqvlwlhv ri frqvxphu w|shv
udqjh iurp %|
￿ ￿2D wr %|
￿ n2D1 Rxu irfxv lv rq pdunhw  xfwxdwlrqv lq zklfk wkh glvwulexwlrq
ri frqvxphuv vkliwv ryhu wlph lq d vwrfkdvwlf pdqqhu1 Doorzlqj iru wkh srvvlelolw| wkdw wkh
fkdqjhv lq frqvxphu wdvwhv pd| eh fruuhodwhg dfurvv pdunhwv/ zh lqwurgxfh d sdudphwhu 4
zklfk lv wkh suredelolw| wkdw wkh pdunhw vkliwv lq dq| jlyhq shulrg duh shuihfwo| fruuhodwhg1
Zlwk wkh suredelolw| E￿ ￿ 4￿/ zh dvvxph wkdw wkh pdunhw vkliwv duh hqwluho| lqghshqghqw ri
rqh dqrwkhu1
Zkhq 4￿￿Øf/ wkhuh lv dsw wr eh d exlow0lq eldv iru ghfhqwudol}dwlrq lqgxfhg e| wkh
lqfuhdvlqj ghjuhh ri furvv0pdunhw khwhurjhqhlw| ryhu wlph1 Wr frqwuro iru wklv duwl?fldo eldv/
zh uhvwulfw wkh pryhphqw ri wkh shdn frqvxphu w|shv wr d ?{hg lqwhuydo ehwzhhq Df￿ł dqg
Df n ł1 Wkh vlpxodwlrq uhvxowv uhsruwhg khuh dvvxph ł ’H / wkrxjk wkh txdolwdwlyh uhvxowv
zhuh irxqg urexvw wr ł ’2dqg ł ’e 1
Ohw %f
￿ eh wkh shdn w|sh ri wkh lqlwldo frqvxphu glvwulexwlrq lq pdunhw ￿ dw | ’f /z k h u h
%f
￿ lv udqgrpo| gudzq iurp iDf ￿ łcØØØcDf n łj/ ￿ ’￿ c21 L qh d f ks h u l r gi u r p| ’￿dqg
rq/ wkh wuldqjxodu ghqvlwlhv lq hlwkhu ru erwk pdunhwv vkliw e| rqh xqlw zlwk suredelolw| _
dqg uhpdlq xqfkdqjhg zlwk suredelolw| ￿ ￿ _1 Wkhvh fkdqjhv duh dvvxphg wr eh shuihfwo|
fruuhodwhg zlwk suredelolw| 4 dqg lqghshqghqw zlwk suredelolw| E￿ ￿ 4￿1W k hh { d f wp d u n h w
53vkliw g|qdplfv iroorz wkh dojrulwkp vshfl?hg ehorz=
￿ Zlwk suredelolw| 4/ wkh pdunhw vkliwv duh shuihfwo| fruuhodwhg=
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X v l q jw k hd e r y hu x o hr ip d u n h wg | q d p l f v /w k hv h d u f ks u r f h v vl vv l p x o d w h gr y h u4 8 3 3
shulrgv1 Wkh vwuxfwxuh lv rwkhuzlvh lghqwlfdo wr wkdw vshfl?hg lq wkh suhfhglqj vhfwlrq dqg
lqghhg wkdw prgho lv wkh vshfldo fdvh ri _ ’fzlwk E%f
￿c% f
2￿ ehlqj ?{hg dqg v|pphwulf durxqg
w|sh 831
Zkhq pdunhw  xfwxdwlrq lv doorzhg/ wzr whfkqlfdo sureohpv dulvh lq frpsdulqj wkh vlpsoh
sur?w sdwk ri wkh fkdlq xqghu gl>huhqw rujdql}dwlrqdo irupv1 Iluvw/ wkhuh lv w|slfdoo| dq
lqlwldo wudqvlwlrq wr wkh srlqw zkhuh sur?w lv  xfwxdwlqj durxqg vrph vwhdg|0vwdwh phdq1
Vhfrqg/ pdunhw g|qdplfv fdq fdxvh frqvlghudeoh udqgrpqhvv lq wkh sur?w sdwk1 Iljxuh 7
rewdlqhg iurp d vlqjoh vlpxodwlrq zlwk 4 ’￿ Øf dqg _ ’￿ Øf fdswxuhv d w|slfdo sur?ws d w k
54h{klelwlqj wkhvh surshuwlhv lq wkh suhvhqfh ri vhyhuh pdunhw yrodwlolw|1 Wr vxuprxqw wkhvh
wzr revwdfohv wr hvwlpdwlqj orqj0uxq sur?w/ zh xvh Zhofk*v surfhgxuh wr dyhudjh wkh rxwsxw
surfhvvhv jhqhudwhg iurp pxowlsoh uhsolfdwlrqv1￿H I l j x u h8s o r w vdp r y l q jd y h u d j hs u r ?ws d w k
dv ghvfulehg lq Zhofk*v surfhgxuh iru 4 ’￿ Øf dqg _ ’￿ Øf/ zkhuh wkh ydoxh ri wkh sur?wd w
| ’ ￿fff/ iru lqvwdqfh/ lv dq dyhudjh ri wkh sur?wv iurp | ’ Dff wr | ’ ￿Dff1L wv h h p vt x l w h
fohdu iurp Iljxuh 8 wkdw wkh prylqj dyhudjh dw | ’ ￿fff lv rq wkh vwhdg|0vwdwh sdwk1 Edvhg
rq wklv hylghqfh/ zh sxw iruwk wkh iroorzlqj shuirupdqfh phdvxuh1
Gh?qlwlrq 9141 Wkh shuirupdqfh fulwhulrq lq wkh suhvhqfh ri pdunhw  xfwxdwlrqv lv vlqjoh0
shulrg sur?w dyhudjhg +dfurvv 833 uhsolfdwlrqv, iurp | ’D f fwr | ’ ￿Dff1
Xvlqj wkh deryh shuirupdqfh fulwhulrq/ wkh h{ dqwh rswlpdo rujdql}dwlrqdo irupv +dv
vshfl?hg suhylrxvo| iru vwdeoh pdunhwv, duh uhsruwhg lq Wdeoh 8 iru gl>huhqw sdluv ri E4c_￿ iru
￿ ’￿dqg ￿ ’D 1 Wkh iroorzlqj surshuw| dsshduv wr eh suhvhqw zkhq wkh pdunhw hqylurqphqw
lv vxemhfw wr udqgrp  xfwxdwlrqv1
Surshuw| 7= Fhqwudol}dwlrq lv pruh olnho| wr rxwshuirup ghfhqwudol}dwlrq zkhq pdunhw
 xfwxdwlrqv duh vx!flhqwo| odujh +_ lv forvh wr 4, zkloh ghfhqwudol}dwlrq lv pruh olnho|
wr rxwshuirup zkhq pdunhw  xfwxdwlrqv duh vx!flhqwo| vpdoo +_ lv forvh wr 3,1
Surshuw| 7 lv txlwh frqvlvwhqw zlwk wkh ?qglqjv ri wkh suhylrxv vhfwlrq1 Wkhuh zh irxqg
wkdw fhqwudol}dwlrq shuirupv ehwwhu ryhu vkruwhu krul}rqv zklfk vxjjhvwv wkdw fhqwudol}dwlrq
uhvxowv lq vwruhv ohduqlqj dw d idvwhu udwh zkhq wkhlu sudfwlfhv duh iduwkhu dzd| iurp dq
rswlpxp1 Lq wkdw d kljkhu ydoxh ri _ phdqv pruh fkdqjh lq wkh odqgvfdsh/ lw uhvxowv lq
55wkh vwruhv ehlqj sxvkhg iduwkhu dzd| iurp dq rswlpxp1 Zlwk shulrglf pdunhw vkrfnv ri
wkdw vruw/ vwruhv pd| frqwlqxdoo| ?qg wkhpvhoyhv zlwk kljko| vxe0rswlpdo sudfwlfhv1 Khqfh/
lw lv qrw vxusulvlqj wkdw juhdwhu pdunhw yrodwlolw| hqkdqfhv wkh uhodwlyh shuirupdqfh ri d
fhqwudol}hg vwuxfwxuh1 Zh wkhq ?qg wkdw fkdqjhv lq vwruhv* hqylurqphqwv pd| uhvxow lq d
fhqwudol}hg vwuxfwxuh ehlqj suhihuuhg hyhq lq wkh orqj0uxq1
Dv vhhq lq Wdeoh 8/ Surshuw| 7 lv urexvw wr ydu|lqj ghjuhhv ri fruuhodwlrq dprqj pdunhw
 xfwxdwlrqv1 Ixuwkhupruh/ zh qrwh wkh iroorzlqj surshuw| zlwk uhvshfw wr 41
Surshuw| 8= Fhqwudol}dwlrq lv pruh olnho| wr rxwshuirup ghfhqwudol}dwlrq zkhq pdunhw
 xfwxdwlrqv duh ohvv fruuhodwhg +4 forvh wr 3, zkloh ghfhqwudol}dwlrq lv pruh olnho| wr
rxwshuirup zkhq pdunhw  xfwxdwlrqv duh pruh vwurqjo| fruuhodwhg +4 forvh wr 4,1
Vkrfnv wr frqvxphu suhihuhqfhv wkdw duh frpprq dfurvv doo pdunhwv wkhq idyru ghfhq0
wudol}hg rujdql}dwlrq/ zkloh pdunhw0vshfl?f vkrfnv whqg wr idyru fhqwudol}hg rujdql}dwlrq1
Xqiruwxqdwho|/ zh duh xqdeoh wr frph xs zlwk dq h{sodqdwlrq iru wklv skhqrphqrq1
:1 Frqfoxvlrq
Lq wklv sdshu/ zh frqvwuxfwhg d frpsxwdwlrqdo prgho ri d uhwdlo fkdlq lq zklfk hdfk vwruh
pdqdjhu frqwlqxdoo| vhdufkhv iru ehwwhu sudfwlfhv wkurxjk lqqrydwlrq1 Wkh vhdufk zdv fdu0
ulhg rxw ryhu d uxjjhg odqgvfdsh gh?qhg ryhu wkh vsdfh ri vwruh sudfwlfhv zlwk sur?we h l q j
ghwhuplqhg e| wkh lqwhudfwlrq ri d vwruh*v fxuuhqw sudfwlfhv dqg wkh glvwulexwlrq ri frqvxphu
suhihuhqfh lq lwv pdunhw1 Jlyhq d ?{hg surfhvv e| zklfk qhz lghdv duh jhqhudwhg/ rujdql0
}dwlrqdo vwuxfwxuh lq xhqfhv wkh surfhvv e| zklfk qhz lghdv ehfrph qhz sudfwlfhv1 Wkh
56uhodwlyh shuirupdqfh ri fhqwudol}hg dqg ghfhqwudol}hg rujdql}dwlrqdo vwuxfwxuhv zhuh frp0
s d u h gl qw h u p vr is u r ?w jhqhudwhg ryhu wkh vkruw0uxq dqg orqj0uxq1
Zkhq wkh pdunhw hqylurqphqw lv ?{hg ryhu wlph/ fhqwudol}dwlrq zdv irxqg wr rxwshuirup
ghfhqwudol}dwlrq lq wkh vkruw uxq zkhq pdunhwv duh uhodwlyho| krprjhqhrxv dqg frqvxphuv
duh vx!flhqwo| vhqvlwlyh wr vwruh sudfwlfhv1 Wkh sulpdu| irufh dw zrun lv wkdw wkh fhqwudol}hg
uhwdlo fkdlq lqgxfhv xqliruplw| lq vwruh sudfwlfhv1 E| nhhslqj vwruhv dw wkh vdph srlqw rq
wkh odqgvfdsh/ wklv surprwhv lqwhu0vwruh ohduqlqj> zkdw lv xqfryhuhg dqg sdvvhg dorqj e| rqh
vwruh lv dsw wr eh ri ydoxh wr rwkhu vwruhv1 Fhqwudol}dwlrq wkhq surprwhv h>hfwlyh vkdulqj ri
lghdv dqg wklv uhvxowv lq d udslg frqyhujhqfh wr dq rswlpxp1 Wkh vxshulru shuirupdqfh ri
fhqwudol}dwlrq iru vrph pdunhw hqylurqphqwv lv uhvwulfwhg/ krzhyhu/ wr wkh vkruw uxq ehfdxvh
wkh joredo rswlpxp xqghu fhqwudol}dwlrq lv lqkhuhqwo| lqihulru wr wkdw xqghu ghfhqwudol}dwlrq
dv d uhvxow ri uhvwulfwlqj vwruhv wr kdylqj wkh vdph sudfwlfhv1 Xqghu ghfhqwudol}dwlrq/ hdfk
vwruh fdq/ lq wkh orqj0uxq/ pruh h>hfwlyho| wdloru lwv sudfwlfhv wr lwv rzq pdunhw dqg wkhuhe|
wklv rujdql}dwlrqdo irup hyhqwxdoo| rxwshuirupv d pruh fhqwudol}hg rujdql}dwlrq1
Zkhq wkh dqdo|vlv lv h{whqghg wr dffrpprgdwh wkh srvvlelolw| ri d fkdqjlqj pdunhw
hqylurqphqw/ wkh vkruw0uxq vxshulrulw| ri d fhqwudol}hg uhwdlo fkdlq fdq eh h{whqghg wr wkh
orqj uxq1 Zlwk wkh pdunhw hqylurqphqw frqwlqxdoo| fkdqjlqj/ wkh vslooryhuv ehwzhhq vwruhv
wkdw lv surprwhg xqghu fhqwudol}dwlrq ehfrphv d grplqdqw irufh1 Txlwh frqwudu| wr wkh xvxdo
fodlp wkdw yrodwlolw| lq pdunhwv uhtxluhv d pruh  h{leoh ghfhqwudol}hg rujdql}dwlrqdo irup/
zh ?qg wkdw lw lv wkh fhqwudol}hg rujdql}dwlrq zlwk frruglqdwhg vhdufk wkdw lv pruh h>hfwlyh
lq uhvsrqglqj wr d qhz hqylurqphqw1
57Hqgqrwhv
￿Uhfhqw zrunv uhsuhvhqwdwlyh ri wklv fdwhjru| fdq eh irxqg lq Frkhq dqg Vsurxoo +4<<9,1
2W k hv d p hs h u v s h f w l y hl vx v h ge |N d x >pdq hw do1 +4<<;, dqg Dxhuvzdog hw do1 +4<<;,
lq prgholqj whfkqrorjlfdo lqqrydwlrq1 Nroopdq hw do1 +4<<;, r>hu dqrwkhu frqwh{w iru lwv
dssolfdwlrq= wkh| h{dplqh krz lqvwlwxwlrqdo vwuxfwxuh lq xhqfhv wkh h!fdf| ri vhdufk iru
ehwwhu vroxwlrqv zlwklq wkh frqwh{w ri ihghudo v|vwhpv xvlqj vwdwhv dv srolf| oderudwrulhv1
￿Wkhvh sudfwlfhv uhsuhvhqw doo wkrvh hohphqwv wkdw lq xhqfh wkh dsshdo ri wklv vwruh wr
frqvxphuv1 Lw fdq lqfoxgh wkh w|shv ri surgxfwv fduulhg +Wdujhw kdv pruh idvklrq0rulhqwhg
forwklqj wkdq Zdo0Pduw> Glvfrxqw Vwruh Qhzv/ 7242<9,/ wkh qxpehu ri surgxfwv fduulhg
+Nrko*v surgxfw olqh lv qduurz exw ghhs> Glvfrxqw Vwruh Qhzv/ 7242<9,/ dqg frpshqvdwlrq
vfkhphv +Vhduv uhgxfhg shuirupdqfh0edvhg lqfhqwlyhv iru vwruh hpsor|hhv gxulqj wkh 4<:3v
dqg uhvwruhg wkhp e| 4<<:> Kduydug Exvlqhvv Vfkrro Fdvh Vwxg|/ Q<0;<;033:,1
ePruh h{solflwo|/ rqh frxog lqfrusrudwh wkh ohduqlqj surfhgxuh lqwr wkh prgho vr wkdw
wkh vwruhv pd| h{shulphqw zlwk pdq| gl>h u h q ws u l f h vl qd q |j l y h qs h u l r gi r udf k r v h qv h w
ri sudfwlfhv1 Rxu eholhi lv wkdw h{shulphqwdwlrqv rq sulfh fdq eh fduulhg rxw pxfk pruh
riwhq wkdq wkrvh rq vwruh sudfwlfhv1 Pruhryhu/ wkdw wkh rswlpdo sulfh lv lqghshqghqw ri vwruh
sudfwlfhv idyruv wkh suhvxpswlrq wkdw sulfh h{shulphqwdwlrq lq wkh ehjlqqlqj ri wkh krul}rq
uhyhdov wkh rswlpxp udwkhu txlfno| dqg/ khqfhiruwk/ qr ixuwkhu sulfh vhdufk lv qhfhvvdu|1
DSur?w ydoxhv dw wkh orfdo rswlpd uhyhdo wkdw erwk d vwruh*v dqg wkh fkdlq*v odqgvfdshv
irup d pdvvli1 Wkhuh lv d fhqwudo joredo rswlpxp vxuurxqghg e| lqihulru orfdo rswlpd1 Wkh
ydoxh ri d orfdo rswlpxp prqrwrqlfdoo| ghfolqhv lq lwv glvwdqfh iurp wkh fhqwudo shdn1
58SDgglwlrqdo vlpxodwlrqv iru ￿ 5i ￿cDc￿fj vkrz wkdw doo ri rxu txdolwdwlyh uhvxowv duh
urexvw1
.Dfwxdoo|/ l￿ dqg l￿￿ duh htxlydohqw li ml￿m ’ ml￿￿m v rw k d wl wz r x o ge hp r u hh { d f ww rg h ?qh
dq rujdql}dwlrqdo irup e| mlmØ
H3111 wkh uhdo mre ri d glvwulfw pdqdjhu ^dw M1F1 Shqqh|‘ lv wr eulqj lqirupdwlrq dqg
jxlgdqfh iurp wkh fhqwudo r!fh wr wkh vwruh pdqdjhu dqg wr eulqj wr wkh fhqwudo r!fh
lqirupdwlrq wkh| jdwkhu iurp wkh vwruhv> exw/ pruh wkdq wkdw/ wr sroohql}h doo vwruhv lq
wkhlu whuulwrulhv zlwk zkdwhyhu xvhixo lqirupdwlrq wkh| jdwkhu zkloh ylvlwlqj wkhp14 ^Ehdvoh|
+4<7;,/ s1 568‘
bIru hdfk rujdql}dwlrqdo irup/ wkh sur?w sdwkv ryhu 4833 shulrgv duh jhqhudwhg iru doo
+ 5i ￿cØØØc￿j dqg wkh dyhudjh sur?wv duh wkhq frpsduhg wr lghqwli| wkh rswlpdo +W iru
wkh jlyhq rujdql}dwlrqdo irup1 Wkh sur?w sdwk fruuhvsrqglqj wr +W lv wkhq xvhg iru wkh
sxusrvh ri frpsdulqj ehwzhhq wkh rujdql}dwlrqdo irupv1 D pruh jhqhudo dssurdfk zrxog
eh wr gh?qh dq rujdql}dwlrqdo irup e| wkh sdlu Emlmc+￿ dqg frqwudvw wkh shuirupdqfh ri doo
srvvleoh sdluv1 Suhvhqwlqj vr pxfk lqirupdwlrq zrxog eh ryhuzkhoplqj vr zh lqvwhdg mxvw
frpsduh Emlmc+ W Emlm￿￿ zkhuh +W Emlm￿ 5 @h}4@ T Emlmc+￿ dqg T E￿￿ lv wkh fkdlq*v sd|r>1
￿fZlwk odujh fkdqjhv lq vwruh sudfwlfhv/ lq sudfwlfh d fkdlq zloo riwhq li qrw dozd|v lqvwlwxwh
lw lq d ihz vwruhv dv d irup ri h{shulphqwdwlrq1 Li wkh h{shulphqw lv vxffhvvixo wkhq qhz
sudfwlfh zloo eh dgrswhg fkdlq0zlgh1 Zkloh h{shulphqwdwlrq lv wkhq d uhohydqw ihdwxuh ri wklv
surfhvv/ zh fkrvh qrw wr ryhuordg wkh prgho zlwk wrr pdq| ihdwxuhv dw rqfh1
￿￿Vhh Gduu/ Dujrwh/ dqg Hssoh +4<<8, iru d glvfxvvlrq ri wkh lpsdfw wkdw vxfk gluhfw
59ohduqlqj kdv rq rujdql}dwlrqdo shuirupdqfh zlwklq wkh frqwh{w ri iudqfklvhg vwruhv1
￿2Wkh vlpxodwlrq surjudpv zhuh zulwwhq lq DQVL vwdqgdug F dqg frpslohg dqg uxq rq
Y D [d q gD O S K Dv | v w h p v 1 W k hv r x u f hf r g hl vd y d l o d e o hx s r qu h t x h v wi u r pP | r q j 0 K x q
Fkdqj1
￿￿Lqlwldo uxqv frqvlghuhg doo srvvleoh rujdql}dwlrqdo irupv zklfk phdqv doo ydoxhv ri mlm
iurp ifc￿cØØØcøjØ Krzhyhu/ zh irxqg wkdw wkh rswlpdo vwuxfwxuh zdv doprvw dozd|v hlwkhu
ixoo fhqwudol}dwlrq/ mlm ’ øc ru ixoo ghfhqwudol}dwlrq/ mlm ’f 1 Wr vdyh rq frpsxwdwlrqdo wlph/
z hi r f x v h gr x ud w w h q w l r qr qw k r v hw z rv w u x f w x u h v 1
￿eS zdv udlvhg wr 43/333 iru ￿ ’.vr dv wr gh dwh wkh pdjqlwxgh ri sur?wv1 Lw rqo|
d>hfwv wkh devroxwh pdjqlwxghv zlwkrxw kdylqj dq| txdolwdwlyh lpsdfw rq rxu frpsdulvrq
ri rujdql}dwlrqdo irupv1
￿DWkh rswlpdo ydoxh ri + xqghu ghfhqwudol}dwlrq whqghg wr eh ￿ vr wkdw lw lv rswlpdo wr
frxsoh d ghfhqwudol}hg vwuxfwxuh zlwk lqglvfulplqdwh wudqvihu ri lghdv e| KT1
￿SDgglwlrqdo vlpxodwlrqv frq?uphg wkhvh uhvxowv iru Ekc￿￿ 5i E￿c￿￿cE￿c￿￿cE￿c￿￿j1
￿.Wkdw lqwhu0vwruh ohduqlqj xqghu ghfhqwudol}dwlrq lqfuhdvhv zlwk odqgvfdsh uxjjhgqhvv lv
gluhfwo| hylghqfhg e| wkh dyhudjh glvwdqfh ehwzhhq vwruhv idoolqj dv ￿ ulvhvØ Zkhq k ’￿ c
dyhudjh vwruh glvwdqfh idoov iurp 7176 wr 6194 wr 6134 dv ￿ ulvhv iurp 4 wr 6 wr 81 Zkhq k ’￿ c
dyhudjh vwruh glvwdqfh idoov iurp 4319; wr ;1<7 wr :1:3 dv ￿ u l v h vi u r p4w r6w r8 1Z l w kp r u h
orfdo rswlpd/ lw lv pruh olnho| wkdw vwruhv zloo hqg xs wdujhwwlqj wkh vdph rswlpxp1
￿HGhwdlohg glvfxvvlrqv ri wklv surfhgxuh duh lq Odz dqg Nhowrq +4<<4, dqg Zhofk +4<;6,1
5:Uhihuhqfhv
^4‘ Djklrq/ S1 dqg M1 Wluroh +4<<:,/ 3Irupdo dqg Uhdo Dxwkrulw| lq Rujdql}dwlrqv/4 Mrxuqdo
ri Srolwlfdo Hfrqrp|/ 438/ 405<1
^5‘ Dxhuvzdog/ S1/ V1 Ndx>pdq/ M1 Orer/ dqg N1 Vkhoo +4<<;,/ 3Wkh Surgxfwlrq Uhflshv Ds0
surdfk wr Prgholqj Whfkqrorjlfdo Lqqrydwlrq= Dq Dssolfdwlrq wr Ohduqlqj E| Grlqj/4
Fruqhoo Xqlyhuvlw|/ FDH Zrunlqj Sdshu <;0431
^6‘ Edlpdq/ V1/ G1 Odufnhu/ dqg P1 Y1 Udmdq +4<<8,/ 3Rujdql}dwlrqdo Ghvljq iru Exvlqhvv
Xqlwv/4 Mrxuqdo ri Dffrxqwlqj Uhvhdufk/ 66 +5,/ 538055<1
^7‘ Ehdvoh|/ Q1 +4<7;,/ Pdlq Vwuhhw Phufkdqw= Wkh Vwru| ri wkh M1 F1 Shqqh| Frpsdq|1
Qhz \run= Zklwwohvh| Krxvh1
^8‘ Exuwrq/ U1 dqg E1 Reho +4<<8,/ Vwudwhjlf Rujdql}dwlrqdo Ghvljq dqg Gldjqrvlv/E r v w r q /
Noxzhu Dfdghplf Suhvv1
^9‘ Fduoh|/ N1 P1 dqg G1 P1 Vyrergd +4<<9,/ 3Prgholqj Rujdql}dwlrqdo Dgdswdwlrq dv d
Vlpxodwhg Dqqhdolqj Surfhvv/4 Vrflrorjlfdo Phwkrgv ) Uhvhdufk/ 58 +4,/ 46;049;1
^:‘ Fduoh|/ N1 P1 dqg M10V1 Ohh +4<<;,/ 3G|qdplf Rujdql}dwlrqv= Rujdql}dwlrqdo Dgdswd0
wlrq lq d Fkdqjlqj Hqylurqphqw/4 Dgydqfhv lq Vwudwhjlf Pdqdjhphqw/ 48/ 59<05<:1
^;‘ Fkdqj/ P10K1 dqg M1 H1 Kduulqjwrq/ Mu1 +4<<;,/ 3Rujdql}dwlrqdo Vwuxfwxuh dqg Ilup
Lqqrydwlrq lq d Uhwdlo Fkdlq/4 Frpsxwdwlrqdo dqg Pdwkhpdwlfdo Rujdql}dwlrq Wkhru|/
6 +7,/ 59:05;;1
5;^<‘ Fkdqj/ P10K1 dqg M1 H1 Kduulqjwrq/ Mu1 +4<<<,/ 3Ghfhqwudol}hg Exvlqhvv Vwudwhjlhv lq d
Pxowl0Xqlw Ilup/4 Xqsxeolvkhg Pdqxvfulsw1
^43‘ Frkhq/ P1 G1 +4<;4,/ 3Wkh Srzhu ri Sdudooho Wklqnlqj/4 Mrxuqdo ri Hfrqrplf Ehkdylru
dqg Rujdql}dwlrq/ 5/ 5;806391
^44‘ Frkhq/ P1 G1 dqg O1 V1 Vsurxoo/ hgv1 +4<<9,/ Rujdql}dwlrqdo Ohduqlqj/ Wkrxvdqg Rdnv/
FD= Vdjh Sxeolfdwlrqv1
^45‘ Froolqv/ M1 F1 dqg M1 L1 Sruudv +4<<7,/ Exlow wr Odvw= Vxffhvvixo Kdelwv ri Ylvlrqdu|
Frpsdqlhv/ Qhz \run= KdushuExvlqhvv1
^46‘ Gduu/ H1 G1/ O1 Dujrwh/ dqg G1 Hssoh +4<<8,/ 3Wkh Dftxlvlwlrq/ Wudqvihu/ dqg Ghsuhfld0
wlrq ri Nqrzohgjh lq Vhuylfh Rujdql}dwlrqv= Surgxfwlylw| lq Iudqfklvhv/4 Pdqdjhphqw
Vflhqfh/ 74 +44,/ 4:8304:951
^47‘ Jrylqgdudmdq/ Y1 +4<;9,/ 3Ghfhqwudol}dwlrq/ Vwudwhj|/ dqg H>hfwlyhqhvv ri Vwudwhjlf
Exvlqhvv Xqlwv lq Pxowlexvlqhvv Rujdql}dwlrqv/4 Dfdghp| ri Pdqdjhphqw Uhylhz/4 4
+7,/ ;770;891
^48‘ Jrylqgdudmdq/ Y1 +4<;;,/ 3D Frqwlqjhqf| Dssurdfk wr Vwudwhj| Lpsohphqwdwlrq dw wkh
Exvlqhvv0Xqlw Ohyho= Lqwhjudwlqj Dgplqlvwudwlyh Phfkdqlvpv zlwk Vwudwhj|/4 Dfdghp|
ri Pdqdjhphqw Mrxuqdo/ 64 +7,/ ;5;0;861
^49‘ Kropvwuøp/ E1 +4<:<,/ 3Prudo Kd}dug dqg Revhuydelolw|/4 Ehoo Mrxuqdo ri Hfrqrplfv/
43/ :70<41
5<^4:‘ Kropvwuøp/ E1 +4<;5,/ 3Prudo Kd}dug lq Whdpv/4 Ehoo Mrxuqdo ri Hfrqrplfv/ 46/ 6570
731
^4;‘ Ndx>pdq/ V1 +4<<6,/ Wkh Ruljlqv ri Rughu/ Qhz \run= R{irug Xqlyhuvlw| Suhvv1
^4<‘ Ndx>pdq/ V1/ M1 Orer/ dqg Z1 J1 Pdfuhdg| +4<<;,/ 3Rswlpdo Vhdufk rq d Whfkqrorj|
Odqgvfdsh/4 Vdqwd Ih Lqvwlwxwh/ <;04303<41
^53‘ Nroopdq/ N1/ M1 K1 Ploohu/ dqg V1 H1 Sdjh/ 3Vhdufklqj iru Vroxwlrqv lq d Ihghudo V|vwhp/4
Xqlyhuvlw| ri Lrzd/ skrwrfrs|/ Dsulo 4<<;1
^54‘ Odz/ D1 P1 dqg Z1 G1 Nhowrq +4<<4,/ Vlpxodwlrq Prgholqj dqg Dqdo|vlv/V h f r q gH g l 0
wlrq/ PfJudz0Kloo/ Lqf1
^55‘ Odzuhqfh/ S1 U1 dqg M1 Z1 Oruvfk +4<9:,/ Rujdql}dwlrq dqg Hqylurqphqw= Pdqdjlqj
Gl>huhqwldwlrq dqg Lqwhjudwlrq/ Ervwrq/ Judgxdwh Vfkrro ri Exvlqhvv Dgplqlvwudwlrq/
Kduydug Xqlyhuvlw|1
^56‘ Ohylqwkdo/ G1 D1 +4<<:,/ 3Dgdswdwlrq rq Uxjjhg Odqgvfdshv/4 Pdqdjhphqw Vflhqfh/
76 +:,/ <670<831
^57‘ Ohylqwkdo/ G1 dqg M1 J1 Pdufk +4<;4,/ 3D Prgho ri Dgdswlyh Rujdql}dwlrqdo Vhdufk/4
Mrxuqdo ri Hfrqrplf Ehkdylru dqg Rujdql}dwlrq/ 5/ 63:06661
^58‘ Plqw}ehuj/ K1 +4<:<,/ Wkh Vwuxfwxulqj ri Rujdql}dwlrqv/H q j o h z r r gF o l >v/ Qhz Mhuvh|/
Suhqwlfh Kdoo1
63^59‘ Pruulvrq/ D1 dqg N1 Urwk +4<<6,/ 3Uhodwlqj Sruwhu*v Frq?jxudwlrq2Frruglqdwlrq
Iudphzrun wr Frpshwlwlyh Vwudwhj| dqg Vwuxfwxudo Phfkdqlvpv= Dqdo|vlv dqg Lp0
solfdwlrqv/4 Mrxuqdo ri Pdqdjhphqw/4 <+ 7 , /: < : 0 ; 4 ; 1
^5:‘ Qhovrq/ U1 U1 dqg V1 J1 Zlqwhu +4<;5,/ Dq Hyroxwlrqdu| Wkhru| ri Hfrqrplf Fkdqjh/
Fdpeulgjh/ PD1= Wkh Ehonqds Suhvv ri Kduydug Xqlyhuvlw| Suhvv1
^5;‘ Udgqhu/ U1 +4<<6,/ 3Wkh Rujdql}dwlrq ri Ghfhqwudol}hg Lqirupdwlrq Surfhvvlqj/4 Hfrqr0
phwulfd/ 94/ 443<044791
^5<‘ Urwhpehuj/ M1 M1 dqg J1 Vdorqhu +4<<6,/ 3Ohdghuvkls Vw|oh dqg Lqfhqwlyhv/4 Pdqdjhphqw
Vflhqfh/ 6</ 45<<0464;1
^63‘ Vdk/ U1 N1 dqg M1 H1 Vwljolw} +4<;9,/ 3Wkh Dufklwhfwxuh ri Hfrqrplf V|vwhpv= Klhudu0
fklhv dqg Sro|dufklhv/4 Dphulfdq Hfrqrplf Uhylhz/ :9/ :490:5:1
^64‘ Ydq ]dqgw/ W1 +4<<;,/ 3Uhdo0Wlph Klhudufklfdo Uhvrxufh Doorfdwlrq/4 Qruwkzhvwhuq
Xqlyhuvlw|/ Fhqwhu iru Pdwkhpdwlfdo Vwxglhv lq Hfrqrplfv dqg Pdqdjhphqw Vflhqfh/
Glvfxvvlrq Sdshu Qr1 45641
^65‘ Zhofk/ S1 G1 +4<;6,/ 3Wkh Vwdwlvwlfdo Dqdo|vlv ri Vlpxodwlrq Uhvxowv/4 lq Wkh Frpsxwhu
Shuirupdqfh Prgholqj Kdqgerrn/V 1V 1O d y h q e h u j /h g 1 /Q h z\ r u n =D f d g h p l fS u h v v 1
64Wdeoh 4= Orfdo Rswlpd iru d Vwruh zlwk ø ’2
Vhw ri Orfdo Rswlpd iru d Vwruh
￿ 5WE￿￿
4 +7</7<, +83/83, +84/84,
6 +7;/7;, +7</7<, +83/83, +84/84, +85/85,
8 +7:/7:, +7;/7;, +7</7<, +83/83, +84/84, +85/85, +86/86,
: +79/79, +7:/7:, +7;/7;, +7</7<, +83/83, +84/84, +85/85, +86/86, +87/87,
Wdeoh 5= H{ Dqwh Rswlpxp +Vwdwlf Pdunhwv,
￿ @4
A ’ Dff A ’￿ f f f A ’ ￿Dff
k k k
3 4 5 6 7 8 3 4 5 6 7 8 3 4 5 6 7 8
￿ ’￿ F G G G G G F G G G G G F G G G G G
￿ ’￿ F F G G G G F F G G G G F F G G G G
￿ ’D F F F G G G F F G G G G F F G G G G
￿ ’. F F F G G G F F G G G G F F G G G G
65Wdeoh 6= Iuhtxhqf| ri H{ Srvw Rswlpdolw|
833 uhsolfdwlrqv
G= KT frqwuro @ 3 suhihuuhg1
F= KT frqwuro @ 43 suhihuuhg1
Q= Lqgl>huhqfh1
￿ ’￿
A ’ Dff A ’ ￿fff A ’ ￿Dff
k k k
3 4 5 6 7 8 3 4 5 6 7 8 3 4 5 6 7 8
G 48 643 74: 7;4 7<; 833 47 656 7:7 833 833 833 47 67< 7<6 833 833 833
￿ ’￿ F 66 4;< ;6 4< 5 3 68 4:: 59 3 3 3 68 484 : 3 3 3
Q 785 4 3 3 3 3 784 3 3 3 3 3 784 3 3 3 3 3
G 5: 585 647 754 7:7 7<9 58 58; 6<6 7;8 7<< 833 56 598 765 7<8 833 833
￿ ’￿ F 8< 578 4;9 :< 59 7 94 575 43: 48 4 3 96 568 9; 8 3 3
Q 747 6 3 3 3 3 747 3 3 3 3 3 747 3 3 3 3 3
G 59 558 5:; 67; 73: 7:5 5; 53; 655 76; 7;: 7<< 5: 539 694 7:6 7<< 833
￿ ’D F 97 59; 555 485 <6 5; 95 5;: 4:; 95 46 4 96 5<4 46< 5: 4 3
Q 743 : 3 3 3 3 743 8 3 3 3 3 743 6 3 3 3 3
G 58 554 576 5<< 699 74: 57 4<; 5:4 6:< 784 7;8 57 539 5;6 758 7;8 7<8
￿ ’. F 9< 586 589 534 467 ;6 :4 5;6 55< 454 7< 48 :4 5:; 54: :8 48 8
Q 739 59 4 3 3 3 738 4< 3 3 3 3 738 49 3 3 3 3Wdeoh 7= Orfdo Rswlpd iru Vwruhv dqg Fkdlq
Vhw ri Orfdo Rswlpd
Ekc￿￿’E 2 c￿￿ Ekc￿￿’E 2 c￿￿
Vwruh 4 ie.ceHcebj ieSce.ceHcebcDfj
Vwruh 5 iD￿cD2cD￿j iDfcD￿cD2cD￿cDej
Fkdlq iebcDfcD￿j ieHcebcDfcD￿cD2j
Wdeoh 8= H{ Dqwh Rswlpxp +Ioxfwxdwlqj Pdunhwv,
￿ ’￿ > ł ’H
_
fØf fØ￿ fØ2 fØ￿ fØe fØD fØS fØ. fØH fØb ￿Øf
4 ’￿ Øf G G G G G G G G G G G
4 ’f Ø. G G G G G G F F F F F
4 ’f Ø￿ G G G F F F F F F F F
4 ’f Øf G G F F F F F F F F F
￿ ’D > ł ’H
_
fØf fØ￿ fØ2 fØ￿ fØe fØD fØS fØ. fØH fØb ￿Øf
4 ’￿ Øf G G G G G G G G G G G
4 ’f Ø. G G G G G F F F F F F
4 ’f Ø￿ G G F F F F F F F F F
4 ’f Øf G G F F F F F F F F F



















Iljxuh 6= Gl>huhqwldo olnholkrrg ri d jlyhq lghd ehqh?wwlqj erwk vwruhv xqghu fhqwudol}dwlrq
dqg ghfhqwudol}dwlrq ^k ’￿ c￿’￿ ‘















Iljxuh 7= Fkdlq Sur?w Sdwk ryhu 4833 shulrgv zlwk 4 ’￿ Øf dqg _ ’￿ Øf















Iljxuh 8= Prylqj Dyhudjh Sur?wS d w kz l w k4 ’￿ Øf dqg _ ’￿ Øf
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